By focusing on entire bubbles rather than films or vertices, a simple model is proposed for the deformation and flow of foam in which dimensionality, polydispersity, and liquid content can easily be varied. Simulation results are presented for the linear elastic properties as a function of bubble volume fraction, showing a melting transition where the static shear modulus vanishes and the relaxation time scale peaks. Results are also presented for shear stress versus strain rate, showing intermittent flow via avalanchelike topological rearrangements and Bingham-plastic behavior.
The mechanical response of aqueous foams to applied forces is complex, exhibiting both an elastic and a viscous character. Foams behave as elastic solids for small applied shear stress and yet How like viscous liquids at large applied shear stress [1] . Just above the yield stress, the flow is intermittent and mediated by nonlinear rearrangement events in which several neighboring gas bubbles suddenly hop from one tightly packed configuration to another. Similar geometrical packing and rearrangement phenomena dictate the mechanical behavior of such diverse systems as emulsions, colloidal suspensions, and granular media, and are reminiscent of stick-slip dynam- ics in earthquake faults, charge-density waves, and Aux line lattices. Foams are ideal systems for studying such dynamics in that the interacting elements can be isolated and examined in the context of bulk liquid interfaces and soap Alms; consequently, much is known about the mechanisms for storing and dissipating energy [2] . Neverthe- less, the connection between these microscopic details and the macroscopic behavior is not well understood, in part because of the importance of structure and nonlinear dynamics at an intermediate length scale set by the average bubble size.
The traditional starting point has been to consider the foam a two-dimensional periodic array of polyhedral bubbles with zero liquid content [3] . This has been generalized for computer simulation to incorporate both randomness [4, 5] and a finite amount of liquid at the film junctions [6, 7] . However, this approach is nontrivial to implement in three dimensions and at high liquid volume fractions; furthermore, only the static response has so far been considered. An alternative generalization incorporates both randomness [8] and realistic local dynamics [9] Fig. 2(a) Fig. 2(c) . Physically, the pressure should be proportional to both the average number of springs per bubble and their average compression, P~Z (@ -P, . ). This form, shown as a solid curve in Fig. 2(b) , agrees well with the simulation data. For the shear modulus, the simulation data are well described by G~( @ -@,), shown as a solid curve in Fig. 2(a) . This supports the rigidity percolation picture of the melting transition, where G~Z -Z, is expected for two dimensions [6] . As [11] . The main differences between the experiments and the simulations conducted here lie in the dimensionality and polydispersity of the systems studied. Thus, it would be interesting to perform further simulations of Eq. (1), systematically varying the polydispersity in both two and three dimensions.
During the step-strain measurements of Figs. 2(a) and 2(b), data were also collected for elastic energy vs the time after the imposed deformation.
This relaxation always showed a slow initial decay followed by an exponential cutoff. The time constant~, for the final relaxation is displayed in Fig. 2(c) . For gas fractions far below P, , r" approaches~d, indicating that all relaxation is from pairs of bubbles brought into contact by the step strain, while far above $"7" is larger and approaches a constant that depends on the system size. As the melting transition at @, .
is approached, from either above or below, the relaxation time reaches a maximum. This suggests the presence of a diverging length scale, consistent with rigidity percolation.
It could also reAect the difficulty of a glassy system in finding the minimum-energy configuration.
In any case, the data of Fig. 2(c) show that when the static shear modulus vanishes below @" the foam does not simply melt into a Newtonian Quid; rather, it changes from a viscoplastic solid into a viscoelastic liquid.
Consider the dynamics of bubbles while the foam is being sheared macroscopically at a steady rate, j. [7, 9] , and have also been detected experimentally by diffusingwave spectroscopy [14 -16] . As depicted in Fig. I , they are avalanchelike in that the bubble motion is sudden on the time scale for noticeable plate motion.
The avalanchelike nature of rearrangements can also be seen by sudden drops in either the shear stress or the total elastic energy as a function of time. The inset of Fig. 3 shows the shear stress cr z vs shear strain, y = j~, for the same system of bubbles as in Fig. 1 
